How does the brain encode life experiences? Recent results derived from vital imaging, computational modeling, cellular physiology and systems neuroscience have pointed to local changes in synaptic connectivity as a powerful substrate, here termed micro-rewiring. To examine this hypothesis, I first review findings on microstructural dynamics with focus on the extension and retraction of dendritic spines. Although these observations demonstrate a biological mechanism, they do not inform us of the specific changes in circuit configuration that might occur during learning. Here, computational models have made testable predictions for both the neuronal and circuit levels. Integrative approaches in the mammalian neocortex and the barn owl auditory localization pathway provide some of the first direct evidence in support of these 'synaptic-clustering' mechanisms. The implications of these data and the challenges for future research are discussed.
Introduction
The goal of this review is to outline an emerging theory for the neuronal basis of learning. Currently, the most referenced model focuses on synaptic weight changes occurring within a static pattern of connections. The model described here revises the second aspect, invoking as a central feature an adaptable pattern of connections produced by the ongoing formation and elimination of synapses. In non-pathological conditions, most of these structural changes occur within a small volume, just a few microns thick, surrounding the existing axo-dendritic interface. Although the spatial range is small, the power in principle of such micro-rewiring to adjust circuit function, and ultimately to store information or learned skills, is not.
Micro-structural dynamics
Recent advances in methods for imaging subcellular structures in the living brain have placed a new spotlight on the synapse. Beautiful time-lapse movies provided by several groups over the past decade reveal a previously unappreciated structural dynamism: the nascent appearance, growth and elimination of synaptic structures extending throughout life. Much of the evidence comes from visualization of dendritic spines [1, 2] , the principal recipients of excitatory synaptic inputs in mammalian cortex. By peering through the polished or surgically excised skulls of mice expressing fluorescent proteins in a subset of cortical neurons, researchers have shown that a small but significant proportion of dendritic spines and spine-like filopodia are motile in juveniles and young adults [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . In most cases, overall dendritic morphology is remarkably stable for weeks to months, whereas, by contrast, individual spines are observed to appear or disappear within hours to days. Similar observations have been made for axonal boutons and branchlets [9, 10] . The spatial extent of structural plasticity in most studies is on the order of two microns, although the occasional axonal branchlet and the dendrites of some inhibitory interneurons extend dynamically over tens of microns [11] . Both the extent and prevalence of microstructural change seem to be cell-type specific [12] . In total, these studies establish that micro-anatomical plasticity is robust during development and can persist well after circuits attain adult-like precision in form and function.
One important question concerns the relationship between micro-structural dynamics and the formation or elimination of synapses [13] . The latest evidence demonstrates a good correlation. Two studies of layer five pyramidal cells in the barrel cortex found that spine sprouting and retraction were associated with synapse formation and elimination as revealed by meticulous electron-microscopic reconstruction [4, 8] , the definitive technique for identifying synapses in fixed tissue. In cultured hippocampal slices, manipulation of the actin-binding protein NrbI caused an increase in both spine motility and the number of synapses formed per length of dendrite [14] . In cultured cortical neurons, knockdown of EphB2 receptors suppressed both filopodial extension and the proliferation of synaptic punctae that normally occurs during epochs of high motility [15] . Collectively, these observations support the notion that microstructural dynamics serve a synaptogenic function and, in addition, lay a path for unraveling the molecular bases of spine motility and synaptogenesis.
Complementary studies have used physiological approaches to monitor the making and breaking of synapses. In one experiment, neurons in live slice were patched, sealed and re-patched after 12 h of stimulation with glutamate [16] . Entire cohorts of functional contacts between neighboring neurons were switched on and off over this time. Pharmacological manipulations seemed to rule out potentiation of silent synapses as an explanation for the appearance of the new input. Although definitive 
